The BTB/POZ domain is an evolutionarily conserved protein-protein interaction domain present in the N-terminal region of numerous transcription factors involved in development, chromatin remodeling, and human cancers. This domain is involved in homomeric and heteromeric associations with other BTB/POZ domains. The Drosophila BTB/POZ proteins Bric à brac 1 (BAB1) and Bric à brac 2 (BAB2) are developmentally regulated transcription factors which are involved in pattern formation along the proximo-distal axis of the leg and antenna, in the morphogenesis of the adult ovaries, and in the control of sexually dimorphic characters. We have identified partners of the BAB1 protein by using the two-hybrid system. The characterization of one of these proteins, called BIP2 for BAB Interacting Protein 2, is presented. BIP2 is a novel Drosophila TATA-box Protein Associated Factor (TAF II ), also named dTAF II 155. We show that the BTB/POZ domains of BAB1 and BAB2 are sufficient to mediate a direct interaction with BIP2/dTAF II 155. This provides a direct link between these BTB/POZ transcription factors and the basal transcriptional machinery. We discuss the implications of the interaction between a BTB/POZ domain and a TAF II for the molecular mechanisms of transcriptional control mediated by BTB/POZ transcription factors.
INTRODUCTION
Many conserved protein domains involved in the developmental regulation of gene expression have been identified. The BTB/POZ domain (for Broad-complex, Tramtrack and Bric-à -brac/Poxvirus and Zinc fingers; Di Bello et al., 1991; Harrison and Travers, 1990; Godt et al., 1993; Koonin et al., 1991) is an evolutionarily conserved protein-protein interaction domain that is found generally at the N-terminal end of numerous developmentally regulated transcription factors (Zollman et al., 1994; Bardwell and Treisman, 1994; Albagli et al., 1995) . This domain is involved in homophilic as well as heterophilic proteinprotein interactions (Bardwell and Treisman, 1994; Dhordain et al., 1995; Hoatlin et al., 1999; Kobayashi et al., 2000) . This domain was first identified in Drosophila and poxviruses and many examples of BTB/POZ domains are now described from yeast to man . They correspond essentially to two major classes of proteins. The first class comprises actin-binding proteins bearing the Kelch motif (Xue and Cooley, 1993) . The second class comprises developmentally regulated transcription factors which bind to DNA, most of them via the presence of C 2 -H 2 type zinc fingers. Classical transcription factors bind as dimers to dimeric DNA sites (McKnight and Yamamoto, 1992) . The BTB/POZ domain is a homomerization domain (Bardwell and Treisman, 1994; Dhordain et al., 1995) but there are also examples of heteromerization between BTB/ POZ proteins (Bardwell and Treisman, 1994; Hoatlin et al., 1999; Kobayashi et al., 2000) . Li et al. (1997b) and Ahmad et al. (1998) have shown that the BTB/POZ domain of the promyelocytic leukemia zinc finger (PLZF) protein forms a tightly intertwined dimer. A surface-exposed groove lined with conserved charged amino acids was identified at the BTB/POZ dimer interface of PLZF (Ahmad et al., 1998) . This groove is highly suggestive of a peptide-binding site that may represent a site of interaction of the BTB/POZ domain with other non-BTB/POZ domain proteins. A mutational analysis of the BTB/POZ domain of PLZF demonstrated that dimerization of the BTB/POZ domain, together with the conservation of charged amino acids in the groove of the BTB/POZ domain, are critical for the transcriptional activity of PLZF (Melnick et al., 2000) .
PLZF and LAZ3/BCL6 (Lymphoma-associated zinc finger 3/B cell lymphomas 6) are transcriptional repressors implicated in human cancers that mediate their activity by recruiting histone deacetylase complexes via their BTB/ POZ domain Dong et al., 1996; Dhordain et al., 1998; David et al., 1998) . Their BTB/POZ domain interacts directly with the nuclear co-repressors N-CoR (nuclear receptor co-repressor) and SMRT (silencing mediator for retinoid and thyroid hormone receptor) (Dhordain et al., 1997; Hong et al., 1997; Guidez et al., 1998; Lin et al., 1998) . Recruitment of histone deacetylase complexes does not seem, however, to be a general mechanism for BTB/POZ transcriptional repressors (Deltour et al., 1999) . Other BTB/POZ proteins are transcriptional activators that probably have to interact with the basal transcriptional machinery to activate gene expression. The BTB/POZ domain of ZF5 is required for the transcriptional activation of the HIV-1 LTR (Kaplan and Calame, 1997) . The BTB/POZ protein MAZR is able to activate the c-myc promoter (Kobayashi et al., 2000) .
The functionally related proteins Bric à brac 1 (BAB1) and Bric à brac 2 (BAB2) are nuclear BTB/POZ proteins which are required during Drosophila development for pattern formation along the proximo-distal axis of the leg and antenna, for the morphogenesis of the adult ovaries and the control of sexually dimorphic characters (Godt et al., 1993; Godt and Laski, 1995; Sahut-Barnola et al., 1995; Kopp et al., 2000) . In a two-hybrid screen with the BAB1 protein, we have identified a protein, BIP2 (BAB Interacting Protein 2), which is a novel Drosophila TAF II , also named dTAF II 155 (Gangloff et al., 2001b) . In this paper, we present the molecular characterization and the expression pattern of BIP2, and we show that BIP2 interacts with the BTB/POZ domain of the two BAB proteins, providing a direct link between BTB/POZ transcription factors and the basal transcriptional machinery.
MATERIALS AND METHODS

Plasmids and Constructs
All yeast and bacterial expression vectors were constructed by PCR using primers with the appropriate restriction sites and constructs were verified by automated DNA sequencing. Details of constructions are available on request. Fusions with the DNAbinding domain of GAL4 (GAL4 DBD ) were constructed in the multicopy vector pGBT9 containing the TRP1 marker. Fusions with the activation domain of GAL4 (GAL4 AD ) were constructed in the multicopy vector pACT2 containing the LEU2 marker. GST fusions were constructed in the pGEX vectors. For the in vitro transcription and translation experiments, the BIP2 G77 cDNA was subcloned in the KTRAB plasmid in frame with the human ␤-globin ATG codon.
Yeast Two-Hybrid System
The bait used for the screen corresponds to a region of the BAB1 protein (aa 65-256) containing the BTB/POZ domain and subcloned in frame in the pGBT9 vector. This construct was used to screen a Drosophila third larval instar cDNA library constructed in the pACT vector (gift from Dr. Elledge). The two-hybrid screen was performed essentially as described (Fields, 1993) in Y190 strain cells (MATa, leu2, trp1, his3, gal4D, gal80D , URA3::GAL1-lacZ, LYS2::GAL-HIS3). Approximately 2 ϫ 10 6 transformants were screened for growth on a ϪLeu ϪTryp ϪHis ϩ 25 mM 3-Amino Triazol (3AT) selective medium. Of 121 clones isolated on the selective medium, 65 were also positive for ␤-galactosidase activity. The GAL4 DBD and GAL4 AD plasmids of these positive clones were segregated in yeast cells and GAL4
AD plasmid DNA was extracted and transformed in Escherichia coli C600. The GAL4 AD plasmids were retransformed in yeast cells with the bait pGBT9-BAB1 or with the pGBT9-GAL4 DBD vector alone. Of the 65 positive clones, 53 clones interacted with pGBT9-BAB1 65-256 and did not transactivate the reporter genes with the pGBT9 vector alone. To quantify the different protein-protein interactions, the ␤-galactosidase activity was measured as described (Miller, 1972) after the co-transformation of the Y190 strain cells with the appropriate pair of plasmids.
Northern Blot Analysis
For Northern blot analysis, poly(A) ϩ RNA was isolated by using Dynabeads Oligo(dT) 25 (DYNAL). Adult flies, pupae, larvae, and embryos were frozen at Ϫ70°C and homogenized in 0.1 M TrisHCl (pH 8.0); 0.5 M LiCl; 10 mM EDTA; 1% SDS; 5 mM DTT. After this step, the instructions from the manufacturer, DYNAL, were followed. The samples were separated on a 1.0% formaldehyde-agarose gel and blotted onto a GeneScreenPlus filter (DuPont-NEN) by using VacuGene Vacuum Blotting System. Prehybridization and hybridization of the filter were performed with Ultrahyb solution (Ambion) at 42°C. A bip2 cDNA clone and a RpS3 cDNA 32 P-labeled by random priming and purified with Pharmacia S-200 HR column were used as probes. The membrane was washed 2 ϫ 5 min in 2ϫ SSPE at room temperature, 3 ϫ 15 min in 2ϫ SSPE, 2% SDS at 65°C, and once in 0.1ϫ SSPE at room temperature for 15 min.
Western Blot Analysis
Ovaries from 3-to 4-day-old females and third instar larvae were dissected in ice-cold 1ϫ PBS and briefly sonicated in a dissociating medium (125 mM Tris-HCl (pH 6.8), 8 M urea, 4% SDS, 10 mM DTT, 1 mM PMSF). Embryos (0 -2 h or 2-24 h) were dechorionated and briefly sonicated in the same dissociating medium. Extracts were boiled 2 min, spun at 20,000g for 3 min. The supernatants were electrophoresed on a 6% polyacrylamide and transferred onto nitrocellulose membranes (Bolt and Mahoney, 1997) . The anti-BIP2 polyclonal antibodies were diluted 1/20,000. Peroxidaseconjugated goat anti-rabbit IgG (heavy plus light chain) specific antibodies (Vector Laboratories Inc.) were used as secondary antibodies. Detection by an ECL ϩ kit (Amersham) was performed by using standard methods.
Immunostaining on Larval Tissues
Late third instar larvae were dissected and antibody staining was performed as described by Sahut-Barnola et al. (1995) . The anti-BIP2 polyclonal antibody was diluted 1/3000 and the peroxidaseconjugated goat anti-rabbit IgG (heavy plus light chain) specific antibodies were diluted 1/1000.
Immunostaining on Polytene Chromosomes
Squashes of polytene chromosomes and antibody stainings were performed as described by Zink and Paro (1989) . The anti-BIP2 primary antibody was diluted 1/200. The anti-BAB2 primary antibody (Laski and Godt, personal communication) was diluted 1/500. The Cy3-conjugated anti-rabbit and the FITC-conjugated anti-rat secondary antibodies were diluted 1/500.
GST Pulldown Experiment
The BIP2 G77 cDNA was subcloned in frame with the human ␤-globin ATG codon in the KTRAB vector and the corresponding 35 S-methionine-labeled polypeptide was produced in vitro by using the TNT coupled reticulocyte lysate system from Promega. Production of the GST-BAB1 fusions in E. coli, purification, and GST pulldown experiments were performed as described by Melcher and Johnston (1995) .
BIP2/dTAF II 155 Accession Number
The BIP2/dTAF II 155 gene sequence has been deposited in the GenBank/EMBL database under Accession No. AJ251945 and cDNA sequence under Accession No. Y14999. The GadFly number corresponding to the bip2 gene is CG2009.
RESULTS
Identification of BAB-Interacting Proteins
To identify potential partners for the BTB/POZ domain of the BAB proteins, we have used the two-hybrid system to screen a third larval instar cDNA library with a region of the BAB1 protein containing the BTB/POZ domain ( -256 ) is indicated with the double arrow. Note that the bait is larger than the BTB/POZ domain (aa 98 -215). (B) Three groups of overlapping cDNAs corresponding to BIP2 were recovered from the screen: a single clone of 1.6 kb (G62), 10 clones of 1.0 kb (G77), and 15 clones of 0.7 kb (G75). (C) Growth on selective medium of the yeasts co-transformed with the BIP2 constructs and the BAB constructs. All the co-transformed yeasts grow on a -L-W medium (lanes 1 and 2). The yeasts transformed with the GAL4 DBD -BAB 1 65-256 fusion and either with the Gal4 AD -BIP2 G62 fusion, the Gal4 AD -BIP2 G77 fusion, or with the Gal4 AD -BIP2 G75 fusion are able to grow on a -H selective medium (lane 4). The positive control is the co-transformation of the interacting proteins SNF1 and SNF4 (lane 3; Yang et al., 1994) . No growth was observed when the GAL4 AD -BIP2 fusions were transformed with the GAL4 DBD -SNF1 fusion (lane 3) or with the GAL4 DBD alone (data not shown). No growth was observed when the GAL4 DBD -BAB 1 65-256 fusion was transformed with the GAL4 AD -SNF4 fusion (lane 4).
( Fig. 1B) , with 15 identical cDNAs of 0.7 kb (G75), 10 identical cDNAs of 1.0 kb (G77), and a single cDNA of 1.6 kb (G62 To get the full-length sequence for the bip2 gene, we screened a genomic library (Maniatis et al., 1978) using as a probe the G62 cDNA clone isolated from the two-hybrid screen. A phage containing the entire coding sequence for the bip2 gene was isolated and sequenced. A complete bip2 cDNA was recovered by RT-PCR using as a template poly(A) ϩ mRNAs extracted from third instar larvae. By comparing the genomic sequence and the cDNA sequence, we determined that the bip2 gene is 6.5 kb in length, and contains 6 introns and 7 exons ( Fig. 2A ). Using as a probe genomic DNA that contains the entire bip2 gene for in situ hybridization to polytene chromosomes from salivary glands, we have located the bip2 gene on the fourth chromosome at the map position 102B (data not shown). The Canadian chromosome four genome project has localized the bip2 gene in its cosmid contigs close to the zaro-4 gene (Locke et al., 2000) at the position 102B7-8 (R. Hodgetts, personal communication). The bip2 gene is annotated in the Drosophila genome project under the GadFly Accession No. CG2009 (Adams et al., 2000) .
The bip2 gene encodes a putative protein of 1406 amino acid residues with a predicted molecular weight of 155 kDa and a basic isoelectric point of 9.35. By comparing the amino acid sequence of BIP2 with the databases and by using a search program that identifies protein motifs (http://www.isrec.isb-sib.ch/software/PFSCAN_form.html), we determined that BIP2 contains several known motifs implicated in chromatin mediated transcriptional regulation (Fig. 2B) . The BIP2 protein contains in its N-terminal region a Histone-Fold domain [amino acids (aa) 1-75, Fig.  2B ]. This motif was first defined as a structural common feature of the four core histones (Arents et al., 1991) . Sequence comparisons showed that several TAF II s conserved in yeast, Drosophila, and vertebrates contain a Histone-Fold domain that has similarities to the histones H2A, H3, or H4 (Kokubo et al., 1994; Hoffmann et al., 1996; Xie et al., 1996) . The Histone-Fold domain is involved in the heterodimerization of several TAF II s that can form histone-like pairs Xie et al., 1996; Birck et al., 1998; Gangloff et al., 2000 Gangloff et al., , 2001a . The presence of a Histone-Fold domain at the N terminus of BIP2 suggests that BIP2 could be a new Drosophila TAF II . It was demonstrated that BIP2 is the Drosophila homologue of the yeast yTAF II 47 and that it forms a histone-like pair selectively with dTAF II 24 (Gangloff et al., 2001b) . BIP2 was renamed BIP2/dTAF II 155.
The BIP2/dTAF II 155 protein contains also a PHD finger (Plant Homeo Domain-finger) at its C-terminus (aa 1342-1392, Fig. 2B ). The PHD-finger or LAP domain (LeukemiaAssociated-Protein domain) is an atypical class of zinc fingers with a C 4 -H-C 3 structure (Aasland et al., 1995; Saha et al., 1995) . These atypical zinc fingers have been suggested to be involved in DNA-binding and/or proteinprotein interaction (Linder et al., 2000) . BIP2/dTAF II 155 contains also a putative A/T hook motif (aa 574 -586) (Aravind and Landsman, 1998) .
The BTB/POZ Domains of BAB1 and BAB2 Are Sufficient for the Interaction with BIP2/dTAF II 155
The BTB/POZ domain of several proteins, such as Tramtrack, ZID (zinc finger protein with interaction domain), LAZ3/BCL6, and PLZF, has been shown to mediate homophilic protein-protein interactions (Bardwell and Treisman, 1994; Dhordain et al., 1995; Dong et al., 1996) . The proteins BAB1 and BAB2 contain in their N-terminal region a BTB/POZ domain (BAB 1 BTB and BAB 2 BTB ). Here, we show that the BAB BTB/POZ domains are able to both homomerize (Fig. 3A , lanes 1 and 2) and heteromerize (Fig.  3A , lane 3) in a yeast two-hybrid system. Given this observation, we would have expected to isolate cDNAs that encode BTB/POZ domains from our yeast two-hybrid screen. However, the identified BAB interacting factor BIP2 does not contain a BTB/POZ domain. This prompted us to analyze the interaction between BIP2 and BAB1 in more depth. The bait BAB 1 65-256 used in the screen is larger than the BTB/POZ domain alone (aa 95-215). Therefore, we tested whether the BTB/POZ domain of BAB1 is sufficient to mediate an interaction with BIP2. In addition, we were interested to determine whether BIP2 can also interact with the BTB/POZ domain of BAB2. Yeast cells were transformed with the construct GAL4 AD -BIP2 G75 (Fig. 2B ) that allowed the expression of the portion (aa 859 -1091) of the BIP2 protein that had previously been shown to mediate the interaction with BAB1, and with a second construct that expressed either the BTB/POZ domain of BAB1 (GAL4 DBD -BAB 1 BTB ) or BAB2 (GAL4 DBD -BAB 2 BTB ) or the BAB1 65-256 peptide (GAL4 DBD -BAB 1 65-256 ). These cells were able to grow on the selective medium (Fig. 3B, lanes 2, 4 and 6 ). The activity of the reporter protein ␤-galactosidase was measured in these yeast cells (Fig. 3C) . The interactions detected in yeast between the BTB/POZ domain of BAB1 and the three BIP2 peptides that had been isolated in the original two-hybrid screen (BIP2 G75 , BIP2 G77 , and BIP2 G62 , Fig. 3C , lanes 5-7) are very similar to the interactions detected between the bait BAB 1 65-256 and the different BIP2 peptides (Fig. 3C, lanes 1-3) . The BTB/POZ domain of BAB2 is also able to mediate an interaction with BIP2 (Fig. 3C, lanes 9 -11) . To define more precisely the domain of BIP2 that interacts with the BTB/ POZ domain of the BAB proteins, we generated deletion clones of BIP2 G75 , the smallest bip2 cDNA that had been isolated due to its interactions with BAB1. None of these clones was able to interact with the BTB/POZ domain of the BAB proteins in the yeast two-hybrid system (data not shown). These experiments show that the BTB/POZ domains of BAB1 and BAB2 are sufficient for the interaction with BIP2/dTAF II 155 and that BIP2 G75 is the minimal region required for this interaction.
The BIP2/dTAF II 155 Protein Interacts in Vitro with the BAB1 Protein
To confirm in vitro the interactions detected in vivo in yeast, we performed a glutathione S-Transferase (GST) pulldown assay between the proteins BAB1 and BIP2. Different parts of the BAB1 protein were produced in E. coli as fusion proteins with the GST, and purified on agarose beads coated with glutathione (Fig. 4A) . The construct GST-BAB 1 BTB corresponds to a fusion between the GST and the BTB/POZ domain of BAB1. The construct GST-BAB 1 contains the region of BAB1 used as bait in the two-hybrid screen fused to the GST. The largest construct GST-BAB 1 65-497 contains the N-terminal half of the BAB1 protein fused to the GST. The BIP2 G77 cDNA was subcloned in frame with the human ␤-globin ATG codon in the KTRAB vector and the corresponding protein was produced in vitro in a rabbit reticulocyte lysate in the presence of 35 Smethionine. An interaction is detected between BIP2 and the BTB/POZ domain of BAB1 (Fig. 4B, lane 3) . Higher amounts of BIP2 are retained with the construct GST-BAB 1 65-256 (Fig. 4B, lane 4) and almost all the BIP2 input is retained with the construct GST-BAB 1 65-497 (Fig. 4B, lane 5) . The fact that larger fragments of the BAB1 protein mediate a stronger interaction than the BTB/POZ domain alone suggests that the regions adjacent to the BTB/POZ domain facilitate the interaction in vitro. Altogether, these data indicate that the BTB/POZ domain of BAB1 is sufficient in vitro for an interaction with BIP2/TAF II 155 and that the interaction is probably direct.
bip2/dtaf II 155 mRNA and Protein Are Present throughout Drosophila Development
A high stringency Northern blot analysis was performed by using the BIP2 G77 cDNA (Fig. 2B) as probe. A single transcript of 4.5 kb is detected throughout Drosophila development (Fig. 5A) . The estimated size of 4.5 kb is consistent with the predicted size of the bip2 mRNA. High levels of the bip2 transcript are detected in the early embryo (Fig. 5A, lane 1) . This transcript might correspond to maternally deposited transcript as a ubiquitous maternal RNA is detected in newly laid eggs by tissue in situ hybridization (data not shown). The bip2 transcript is also detected in Northern blot experiments in 2-to 24-h-old embryos, third instar larvae, prepupae, pupae, and adult males and females (Fig. 5A, lanes 2-7) .
Polyclonal antisera were collected from two rabbits immunized with a fusion protein containing 190 amino acid residues (aa 719 -909) from the BIP2 protein fused to the GST. These antisera were used to check the presence of the BIP2 protein at different stages of development. A single band of approximately 160 kDa is detected throughout Drosophila development with both antisera (Fig. 5B) . The size of this protein is consistent with a predicted size of 155 kDa for BIP2, and this protein was not detected using the preimmune sera (data not shown). We therefore assume that this 160-kDa protein corresponds to BIP2. BIP2 is detected in protein extracts from 0-to 2-h-old embryos, 2-to 24-h-old embryos, third instar larvae, and adult ovaries (Fig. 5B, lanes 1, 2, 3, 4, respectively) . 3 and 5 ). (C) The BTB/POZ domains of BAB1 and BAB2 are sufficient for the interaction with BIP2. BAB 1 65-256 corresponds to the bait used in the two-hybrid screen (see Fig. 1 ). BAB 1 65-256 contains the BTB/POZ domain of BAB1. BIP2 G75 , BIP2 G77 , and BIP2 G62 correspond to the clones recovered from the two-hybrid screen with BAB 1 65-256 (see Figs. 1 and 3 ). These clones interact with BAB 1 65-256 (lanes 1-3) . The BTB/POZ domain of BAB1 is sufficient to interact with the clones of BIP2 (lanes 5-7). The BTB/POZ domain of BAB2 is sufficient to interact with the clones of BIP2 (lanes 9 -11). As controls, the Gal4 AD alone was co-transformed either with the Gal4 DBD -BAB 1 65-256 or the Gal4 DBD -BAB 1 BTB fusion or the Gal4 DBD -BAB 2 BTB fusion (lanes 4, 8, and 12). Each ␤-galactosidase quantification is the result of two independent experiments with three independent clones.
The Protein BIP2/dTAF II 155 Is Present in All the Imaginal Structures of the Third Larval Instar
As the partners of the BIP2 protein, BAB1 and BAB2, are expressed and required in third instar larvae, we used the anti-BIP2 antibodies to determine the expression pattern of the BIP2 protein during the third larval instar. The BIP2 protein is ubiquitously expressed in the major imaginal discs, i.e., the leg imaginal discs, the eye-antennal disc, the haltere disc, the wing disc, and the genital disc (Figs. 6A, 6B , 6C, 6D, 6E, respectively). The BIP2 protein is nuclear in all these imaginal discs. Along the larval intestinal tract, the BIP2 protein is detected mainly in the imaginal structures, like the salivary gland imaginal ring, the foregut imaginal ring of the proventriculus, the hindgut imaginal ring between the midgut and the hindgut, and the midgut imaginal histoblasts (Figs. 6F, 6G , 6H, 6I, respectively). BIP2 is also expressed in some of the larval tissues of the digestive tract, such as posterior region of the proventriculus (Fig. 6G) , the salivary glands (Fig. 6J) , and the Malpighian tubules (Fig.  6K) . Furthermore, the BIP2 protein is expressed and accumulates in the nuclei of the pericardial cells (Fig. 6L) , the ring glands (Fig. 6M ) and the fat body (Fig. 6N) . Finally, BIP2 is expressed in the larval ovary (Fig. 6O ) and in the testis (Fig. 6P) . In the ovary, the protein BIP2 is present at higher levels in the terminal filament cells (Fig. 6O, TFC) than in other cells of the ovary.
In the third instar larva, BIP2 is expressed and accumulates in the nuclei in a wide range of tissues. All the imaginal structures of the third instar larva express high levels of BIP2. In addition, the BIP2 protein is expressed in some of the larval tissues but not in all of them. Tissues, such as the anterior region of the proventriculus, the posterior region of the ovary (Fig. 6O) , the gut (Figs. 6G, 6H , 6I), the central nervous system, and the lymph gland (data not shown), appear not to express BIP2 or to express only low levels of BIP2.
The Protein BIP2/dTAF II 155 Binds to Many Sites on Polytene Chromosomes
The BAB2 protein is expressed in the salivary glands at third larval instar, and it binds to many sites on the polytene chromosomes of the salivary gland cells ( Fig. 7A ; Godt and Laski, personal communication) . We have shown that the BIP2 protein binds on polytene chromosomes to many sites representing mainly decondensed transcriptionally active chromatin (Gangloff et al., 2001b) . To analyze whether BIP2 binding sites colocalize with BAB2 binding sites on chromosomes, we performed immunostainings on polytene chromosomes using the anti-BIP2 antibody and an anti-BAB2 antibody. The BIP2 protein binds to many more sites than the BAB2 protein on polytene chromosomes G77 cDNA clone. This peptide was labeled with 35 S-methionine. The GST alone is not able to retain the BIP2 peptide (lane 2) whereas all the GST-BAB1 fusion proteins retain BIP2 (lanes 3-5). The input of in vitro translated and 35 S-labeled BIP2 peptide is shown in lane 1. The proteins were analyzed by SDS-PAGE electrophoresis followed by autoradiography. (Figs. 7A-7C ) and a subset of the BIP2 binding sites colocalizes with BAB2 binding sites (Fig. 7B) . A strong band of BAB2 protein is detected at the bab locus itself (Fig. 7C,  arrowhead) . BIP2/dTAF II 155 also accumulates at this specific site suggesting that the BAB2 and BIP2/dTAF II 155 proteins can colocalize on DNA in vivo.
DISCUSSION
The evolutionary conserved motif known as the BTB/ POZ domain is present in many proteins that play a crucial role in development in Drosophila, many of them by regulating transcription. In humans, this domain has been involved in leukemogenesis (Chen et al., 1993; . From a yeast two-hybrid screen with the BTB/ POZ transcription factor BAB1 we have identified and characterized a BAB Interacting Protein that is a novel Drosophila TAF II . BIP2/dTAF II 155 contains, like its human homologue hTAF II 140, an N-terminal Histone-Fold domain, and a C-terminal PHD finger. Sequence comparisons, co-immunoprecipitation, and yeast two-hybrid experiments, have shown that BIP2/dTAF II 155 is the Drosophila homologue of yTAF II 47, and that it forms a histone-like pair selectively with dTAF II 24 (Gangloff et al., 2001b) .
Many of the BTB/POZ transcription factors have been shown to be transcriptional repressors Oyake et al., 1996; Li et al., 1997a) . Some of them, but not all (Deltour et al., 1999) , mediate their repressive activity, via their BTB/POZ domain, by recruiting histone deacetylase complexes to promoters of their respective target genes, thereby inducing a repressive chromatin state (David et al., 1998; Dhordain et al., 1998; Lin et al., 1998) . Other BTB/POZ proteins function as transcriptional activators (Kaplan and Calame, 1997; Okada and Hirose, 1998; Kobayashi et al., 2000) . Here, we show that the BTB/POZ domains of BAB1 and BAB2 are sufficient to interact with a potential transcriptional co-activator, the TAF II factor BIP2/ dTAF II 155. As BIP2/dTAF II 155 is a component of TFIID (Gangloff et al., 2001b) , this interaction provides a direct link between the BTB/POZ transcription factors and the basal transcriptional machinery and suggests a new mechanism for the transcriptional regulation by BTB/POZ proteins. Interestingly, interactions between BTB/POZ domains and TAF proteins may mediate either a transcriptional activation or repression. Classical transcriptional activators act through a direct interaction between their activation domain and the co-activators of the basal transcriptional machinery (Pugh and Tjian, 1990; Dynlacht et al., 1991) . A number of TAFs have been identified as direct transcriptional targets of activators in vitro (Goodrich et al., 1993; Chen et al., 1994; Farmer et al., 1996) . One interpretation of the interaction between a given BTB/POZ domain and a TAF II is that this BTB/POZ protein is an activator that directly interacts with TFIID or other TBP-free TAF II -containing complexes (for review, see Bell and Tora, 1999) to activate the transcription of its target genes. An alternative possibility is that the interaction between a BTB/POZ domain and a TAF II mediates repression or anti-activation by interfering with the basal transcriptional machinery. It has been shown that the corepressor N-CoR can directly interact with TFIIB, hTAF II 32, and hTAF II 70 to mediate signals from repressors to the basal machinery (Muscat et al., 1998) . BIP2/dTAF II 155 and its homologue hTAF II 140 contain a PHD-finger at their C terminus. While the function of the PHD-finger is unknown, it has been suggested that it is involved in proteinprotein interactions. This domain is present in proteins associated with a repressor activity, like histone deacetylases, and in interactions with heterochromatin (Aasland et al., 1995) . The BIP2/dTAF II 155 and hTAF II 140 proteins could mediate, through their PHD fingers, interactions between BTB/POZ proteins, and repressor activities. BTB/ POZ domains could mediate repression of transcription by recruiting histone deacetylase complexes to generate a close conformation of the chromatin, and/or by direct contacts with members of the basal transcriptional machinery locking them into a nonfunctional complex or conformation.
Very few non-BTB/POZ proteins have been identified as partners of the BTB/POZ domains of Drosophila proteins. The interaction of the Tramtrack BTB/POZ domain with the corepressor dCtBP (C-terminal binding protein) (Wen et al., 2000) and the BTB/POZ domain of GAGA with the heterologous proteins N-CoR and SMRT (Huynh and Bardwell, 1998) in in vitro experiments have been briefly reported. Since the BTB/POZ domains of the Drosophila nuclear proteins are strongly conserved in evolution (Zollman et al., 1994) , it is probable that other Drosophila BTB/POZ proteins interact directly, via their BTB/POZ domain, with one of the central components of the preinitiation complex, like BIP2/dTAF II 155, to regulate the transcription of their target genes. As a given TAF can interact with more than one activator and a single activator can also contact multiple TAFs, we suggest that BIP2/dTAF II 155 could interact with other Drosophila BTB/POZ proteins and/or that different BTB/POZ domains can contact different TAFs. The BTB/POZ transcriptional repressor HIC-1 and its avian homologue ␥FBP-B do not seem to mediate their repressive effect by recruiting histone deacetylase complexes as they fail to interact with the co-repressors SMRT, N-CoR, and mSIN3A and as their transcriptional repression is unaffected by Histone Deacetylase (HDAC) inhibitors (Deltour et al., 1999) . The repressive function of HIC-1 and ␥FBP-B could be mediated by a direct interaction between their BTB/POZ domains and components of the basal transcriptional machinery such as the vertebrate homologue of BIP2/dTAF II 155.
Although the BTB/POZ domain of BAB1 is sufficient for the interaction with BIP2/dTAF II 155, our in vitro experiments show that the regions of BAB1 adjacent to the BTB/POZ domain facilitate this interaction. This observation could reflect different folding properties of the different BAB1 fusion proteins or could imply a direct involvement of the BTB/POZ adjacent regions to stabilize the interaction with BIP2/dTAF II 155. This could indicate that the regions adjacent to the BTB/POZ domain could give another level of specificity to the BTB/POZ proteins for an interaction with a given protein like a TAF.
The BTB/POZ transcriptional activity may also depend on the BTB/POZ potential to form hetero-oligomers. The   FIG. 6 . The BIP2/dTAF II 155 protein is expressed in all the imaginal structures of third instar larvae. Late third instar larvae were dissected and stained with an anti-BIP2 polyclonal antibody. BIP2 is expressed in the major imaginal discs, the leg disc (A), the eye-antennal disc (B), the haltere disc (C), the wing disc (D), and the genital disc (E). The BIP2 protein is detected in all the imaginal structures along the larval intestinal tract, such as the salivary gland imaginal ring (F, arrow), the foregut imaginal ring of the proventriculus (G, arrowhead), the hindgut imaginal ring between the midgut and the hindgut (H, arrow), and the midgut imaginal histoblasts (I). In the proventriculus, BIP2 is also detected in a posterior region corresponding to a domain of BAB expression (G, arrow). A clear nuclear staining is detected in salivary glands (J), Malpighian tubules (K), pericardial cells (L), ring glands (M), and fat body (N). BIP2 is expressed in the female gonads (O) and the male gonads (P). In the larval ovary (O), the highest levels of BIP2 are detected in the terminal filament cells (TFC, some terminal filaments are separated by dashed lines). Scale bars are 50 m, except for (M) and (O), 10 m.
FIG. 7.
BIP2 colocalizes with BAB2 at specific sites on polytene chromosomes. DNA was stained with Hoechst 33258 (blue). BAB2 was detected with secondary antibodies coupled to FITC (green). BIP2 was detected with secondary antibodies coupled with Cy3 (red). BIP2 binds to several sites at the tip of 3L chromosome (A). BAB2 shows a prominent binding site at the bab locus in 61F (C). Merging of both images (B) shows that BIP2 and BAB2 colocalize at three loci (white lines) and notably at the bab locus in 61F (arrowhead).
transcription factors Bach2 and MAZR are BTB/POZ proteins involved in hematopoiesis and in development of mouse limbs (Oyake et al., 1996) . The BTB/POZ domain of MAZR mediates its homomerization but it can form heteromers with the BTB/POZ domain of Bach2 (Kobayashi et al., 2000) . The MAZR protein is able to activate the c-myc promoter (Kobayashi et al., 2000) . Interestingly, the combination of MAZR and Bach2 potentiates this transcriptional activation while Bach2 alone is a transcriptional repressor (Muto et al., 1998; Kobayashi et al., 2000) . The BAB1 and BAB2 proteins can homomerize and heteromerize through their BTB/POZ domains. They can also heteromerize with the BTB/POZ domain of other BTB/POZ transcription factors, Broad-Complex and Tramtrack (Pointud and Couderc, unpublished data). These results suggest that BTB/POZ domain-mediated oligomerization may serve as combinatorial codes for gene expression. A single BTB/POZ domain may mediate transcriptional activation as a homomer and transcriptional repression as a heteromer with another BTB/POZ domain, or vice versa. The possible combinations between different BTB/POZ proteins would provide different interfaces of interaction with nuclear co-repressors or co-activators.
The crystal structure of the BTB/POZ domain of PLZF revealed a tightly intertwined dimer with a surface-exposed groove. This pocket is composed of some of the most conserved residues of the BTB/POZ sequence and has a high charge density (Ahmad et al., 1998) . The minimal domain of the BIP2/dTAF II 155 protein required for the interaction with the BTB/POZ domains of the BAB proteins corresponds to a highly charged region comprising multiple lysine, glutamic acid and aspartic acid residues (aa 859 -1091). This charged region of BIP2/dTAF II 155 is well conserved in its homologues hTAF II 140 and mTAF II 140 (Gangloff et al., 2001b) . The charged-exposed groove of the BTB/POZ dimer may bind this charged region of BIP2/ dTAF II 155 or hTAF II 140 through electrostatic interactions. A mutational analysis of the BTB/POZ domain of PLZF show that this putative binding site is crucial for the proper folding of the protein and thus for the dimer formation, but it is especially critical for the transcriptional activity of PLZF (Melnick et al., 2000) . It is tempting to speculate that mutations in this region, that do not impair dimer formation but abolish the transcriptional activity of PLZF, act by preventing the binding of transcriptional co-repressors or co-activators to the dimer of BTB/POZ domains. These conserved amino-acids are present in the BAB BTB/POZ domains, so it will be possible to test whether such mutations prevent the interaction between the dimer of BTB/ POZ domains and non-BTB/POZ proteins like BIP2/ dTAF II 155.
The BAB proteins may regulate the expression of several genes at different steps of Drosophila development. The BAB2 protein binds to several sites on polytene chromosomes (this work; Godt and Laski, personal communication) . During leg morphogenesis, bab is required for segmentation and for the specification of segment identity in the tarsus (Godt et al., 1993) . bab is also required for adult ovary morphogenesis (Sahut-Barnola et al., 1995; Godt and Laski, 1995) . Finally, Kopp et al. (2000) have shown that the BAB proteins are involved in the genetic control of the sexually dimorphic abdominal pigmentation and the abdominal A5-A7 segment morphology in Drosophila melanogaster. Since BIP2/dTAF II 155 is expressed in all the tissues that express and require BAB, it is possible that BIP2/dTAF II 155 mediates all the BAB functions. The BAB proteins could be transcriptional activators as well as transcriptional repressors, depending on the promoter considered and it will be of great interest to identify BAB target genes and cis-regulatory sequences recognized by the BAB proteins. However, the BAB proteins, unlike most of the other BTB/POZ proteins, do not contain a zinc finger DNA binding domain but a new type of DNA binding domain that we are currently characterizing. Clearly, the identification of bab downstream genes is crucial to understand whether the interaction between BIP2/dTAF II 155 and the BTB/POZ domain of the BAB proteins is critical for BTB/ POZ-mediated transcriptional activation or repression.
